Ammonia oxidation activities were compared across 5 kinds of plastic filter media and one type of earthenware ball filter medium in submerged biological filters.
The removal of ammonia is one of the most important factors in maintaining conditions in recirculating fish cultures. This is because ammonia is the major excretory product harmful to fish. Ammonia is generally reduced by bioligical treatment, which utilizes bacterial metabolism to oxidize ammonia to nitrate. Sands and gravels are widely used as filter media, however, they are heavy and require frequent backwashing to prevent blockage. Recently, a variety of plastic filter media have been introduced to water treatment processes. Plastic media have several advantages such as high specific surface area for bacterial adhesion, great porosity, and low specific gravity.
To design effective closed recirculating culture systems, it is important to examine the nitrifying capacity of biological filters. Although several studies1-4) have been conducted on nitrification in filter beds, there is little information available on the nitrification capacity. In freshwater, Saekisl reported that the ammonia oxidation rate in 10 g of sand was 0.14 mg-ammonia/day. Rijn and Rivera6) showed that the maximum removal rate of ammo nia in a trickling filter with PVC material as a filter medium was 0.43 g-N/m2 surface area of the filter medium/ day. In seawater, Nijhof and Bovendeur7) reported that the maximum nitrification capacity in a filter with a plastic filter medium was 0.28 g-N/m2/day. The ammonia oxidation rate in the filter is considered to be affected by the type of filter media as well as the specific surface area.
In this study, ammonia oxidation activities in marine biological filters were compared across 5 kinds of plastic filter media with different surface areas and/or forms, and one type of earthenware ball filter medium.
Materials and Methods
The experimental seawater recirculating system is shown in Fig. 1 . The total water volume was 101. Flow to the filters were supplied by a magnet pump (MD 6, Iwaki Co., Ltd.), and the flow rate was maintained in the honeycomb tube (Shin-Nihon Core Co., Ltd.) was made of thin polyvinyl chloride sheets in a honeycomb shape. The net filter medium (Eishin Kogyo Inc.) was a set of six 5cm square polyethylene nets piled on each other, and 30 pieces were used in each filter. The fibriform filter medium (Nihon Sangyo Kikai Co., Ltd.) was made of fine vinylidene chloride fibers, and 52 elements each 10 cm long were used in each filter.
The study was divided into three serial experiments (Experiments 1, 2, and 3). Before the start of each experiment, all filters with new filter media were conditioned by adding a 50 ml nitrifying bacteria solution (Fritz-zyme No. 9, Fritz Chemical Company), as well as by the daily addition of 10 mg ammonia-N for 60 days. At the end of each experiment, the reservoir was washed with tap water to prevent the growth of nitrifying bacteria, and the seawater in the system was completely replaced. The seawater used in the experiment was collected at Onjuku in Chiba Prefecture (salinity: 32-34). In all experiments, ammonium chloride was used as the ammonia source.
Changes in Water Quality by Ammonia Oxidation (Experiment 1)
Ten mg ammonia-N was added daily to each recirculating system for 30 days to examine the change in water quality due to ammonia oxidation. Ammonia, nitrite, and nitrate concentrations were analyzed every 5 days, and the pH and alkalinity were measured every 2 or 5 days. To prevent a decrease in pH and alkalinity, two pieces of oyster shell about 10 cm in length were put into the reservoir on the 25th day.
Ammonia Oxidation Rate in the Filters after Loading Ammonia-N for 90 Days (Experiment 2)
After Experiment 1 was completed, 20 mg ammonia-N was added daily to each system for 90 days to make well-conditioned biological filters. To determine the ammonia oxidation rate in each filter, 1000 mg ammonia-N was added to each recirculating system at the start of Experiment 2, and ammonia, nitrite, and nitrate concentrations were measured every 12h thereafter. Sodium bicarbonate was added, when necessary, to maintain the pH abouve 7.0. The ammonia oxidation rate in each filter was calculated by the least squares method based on the data until the 96th hour of the experiment. After transferring each filter medium from the well-conditioned biological filter to a new one (thus removing background nitrification), the ammonia oxidation rate in each filter medium was estimated in the same manner. The ammonia oxidation rates in each filter and filter media alone were measured repeatedly (4 data for each rate determination).
Ammonia Oxidation Rate in the Filters after Loading Ammonia-N and Organic Substance for 92 days (Experiment 3)
After conducting Experiment 2, 50 mg ammonia-N and 500 mg Ehrlich meat extract (Kyokuto Pharmaceutical Industries) were added daily to each system for 92 days. The ammonia oxidation rate in each filter was measured by the method described before to examine the effect of the organic load on the ammonia oxidation rate. In Experiment 3, duplicate experimental systems were used for filter Nos. 1, 3, 5 and 6 (eight in total). One gram of Ehrlich meat extract contains 96 mg of organic nitrogen.
Analysis
Ammonia and nitrite were analyzed by the indophenol method8) and the N-(1-naphthyl)-ethylenediamine method9) respectively. Nitrate was measured using an ion chromatographic analyzer (IC-500, Yokogawa Results and Discussion
Experiment 1
The results of experimental filter No. 4 are shown in Fig.  3 . Although nitrite accumulated immediately after starting the experiment, this had ceased by the 20th day. Ammonia began to accumulate on the 20th day when the pH and alkalinity decreased to 6.0 and 0.5 meq./l, respectively. However, the addition of oyster shells on the 25th day decreased the ammonia to a level which could not be detected on the 35th day. Similar trends in the water quality change were observed among all the systems .
There was a significantly close relationship between the amount of oxidized ammonia and the decrease in alkalinity (Fig. 4 where Y is the decrease in alkalinity (meq./1) and X is biologically oxidized ammonia (mg-N/1). This result shows that the alkalinity of recirculating seawater was mostly depleted when 20 mg-N/l of ammonia was biologically oxidized, since the alkalinity of natural seawater is usually in the range of 2.2 to 2.5 meq./l.11) Calcareous filter media such as gravel, crushed oyster shell and limestone supply alkalinity to recirculating water. However, Siddall12) found that an acid-insoluble, nonorganic substance growing on the surface of filter gravels might reduce the buffering activity. Bower et al. 13) reported that in the closed culture of Fundulus spp., the calcareous filter media prevented the rapid acidification of the culture water. However, buffering agents such as sodium bi carbonate or sodium carbonate must be regularly added to maintain the pH above 8.0. The decrease in alkalinity according to the nitrification obtained in this study (5.51 mg CaCO3/mg ammonia-N) is lower than the theoretical value of 7.13 mg CaCO3.
The effect of a low pH on the ammonia oxidation rate shown in this study was previously reported by Hirayama, 1) and his results showed that the nitrifying activity of a filter is restricted to some extent without ceasing completely even if the pH and alkalinity are less than 6.0 and 0.05 meq./l, respectively. Forster2) also reported that nitrification in seawater is affected by low pH and ceases completely at pH 5.5.
Experiment 2
The ammonia oxidation rates in well-conditioned bio logical filters and filter media alone are shown in Table  2 . The ammonia oxidation rates in filters were higher in filters with a net or fibriform filter medium (Nos. 5 or 6), and the rate in No. 6 was significantly higher than the rate in the others (Mann-Whitney test, p <0.05). Similar trends were observed in the rates in filter media alone. When comparing Nos. 2 to 4 (honeycomb tube), in spite of the difference in surface areas of the filter media, there was no significant difference in the rates both in the filters and in the filter media alone. The average rate of ammonia oxidation per square meter of surface area in the filter media alone was 17.8 (No. 1), 33.1 (No. 2), 12.6 (No. 3), 
